INTRODUCTION
Fourier transform infrared (FTIR) spectroscopy is routinely used by laboratories specialized in milk analysis, whether for payment or for the purpose of Dairy Herd Improvement (DHI) program, because it is a fast, nondestructive, and easy procedure that enables simultaneous measurement of several components in a complex natural media (1, 2) . FTIR spectroscopy is a rapid, inexpensive, and sensitive technology used for a highthroughput analysis of food components. This technique is also widely utilized for rapid quality control of numerous dairy products, since it provides fingerprint spectral information about the composition of complex samples (3, 4) . In particular, FTIR spectroscopy is commonly used in milk analysis to obtain information related to composition and conformation of their components. However, this is an indirect method that requires instrument calibration with milk samples that have reference values established by reference chemistry methods (5) (6) (7) . By simultaneously exposing the sample to a beam with several different frequencies in the mid-infrared zone, it is possible to significantly reduce the time needed to analyze the sample. By analyzing certain points in the spectrum, the instrument is able to determine the amount of each component in the sample (2) . The FTIR spectroscopy is not only fast, but also enables additional parameter analysis, just by providing reliable calibration samples. In addition, up to 1060 different wavelengths can be selected from the full spectrum, to open an entire range of possibilities for new parameters and accurate analysis.
In milk analysis, mid-IR is routinely used for payment, dairy herd recording, and quality control. Analytical speed is a function of the number of components analyzed such as fat, protein, lactose, and other solid components (8) . Taking approximately 10 seconds per sample, FTIR spectroscopy have the potential for routine analysis if proper calibration and validation procedures along with data acquisition protocols can be established (9) .
The aim of this paper was to validate FTIR spectroscopy and its appropriateness in milk analysis. For the validation purpose, secondary reference materials of milk purchased from regional reference laboratories, were used. The validation parameters were tested and then confirmed by analyzing routine samples. After that, the FTIR spectroscopy was used to analyze milk samples from three farms.
EXPERIMENTAL

Material, apparatus and samples
All the solutions used (Zero, Rinse and FTIR Equalizer), were obtained from Foss Analytical. Deionized water was produced using a Barnstead Smart2Pure Water Purification System (Thermo Scientific, USA).
The FTIR measurements were performed on a MilkoScan FT + (Foss Analytical, Denmark), equipped with a Conveyer 4000 and Pipette case 4000. Water bath (Elektron, Banja Koviljača, Serbia) was used for sample heating.
For calibration purposes, the milk samples (used as a secondary reference material) preserved with bronopol, were purchased from the regional reference laboratory (Institute of Dairy and Probiotics, Biotechnical Faculty, Slovenia). The calibration sample set consisted of 10 samples for chemical parameters, covering the entire range of measurement. For accuracy validation purposes, the samples set up by the German laboratory were used (Muva, Kempten, GmbH).
Samples for precision testing were made from milk samples collected on commercial farms. The samples were analyzed in duplicates for the selection of representative values for the observed parameter. Finally, composite samples with similar values were formed and then analyzed.
The validated method was applied for the determination of fat, protein, lactose, and total solids in a total of 1494 raw milk samples collected from different field sources.
Procedure
Prior to measurement, the milk samples (whether calibration samples or natural milk samples) were heated up to 40±2 °C in a water bath. After heating, the samples were inserted in a rack placed on a conveyer belt. The conveyer forwarded the rack to a stirrer and further to the sampling pipette. A 5-ml sample was taken and thoroughly homogenized by a homogenizer, passed through a cuvette and analyzed. Before calibration, it was necessary to carry out standardization, which included an analysis of the FTIR Equalizer solution.
All procedures were performed in accordance with the manufacturer's recommendations, and an international standard (10) and ICAR guidelines, section 12 (11).
Method validation
Tested and validated analytical procedures are important tools for the quality assurance and providing "fit for purpose" analytical measurements. For this purpose, the following parameters were tested: linearity -using calibration sample sets, accuracy -using reference material, precision, and robustness, both with the representative natural samples.
Linearity
The purpose of linearity testing was to document the linear range of the method, the range in which simple calibration can be used. Every single calibration was performed by triple measurement of calibration standards.
For this study, the object of the analysis was one sample set with 10 solutions of known concentration, covering the typical range for the specific component. The obtained data were presented with the expected values on the x-axis and the measured values on the y-axis. Additionally, the residuals were calculated. The linear regression and residuals data from the curve were expressed as the ratio r. The ratio value should be less than 2% (10) .
Accuracy
Accuracy may be defined as the proximity of agreement between the measured quantity value and the true quantity value of a reference material provided by a reference laboratory. It can be presented as a recovery percent or as bias. The bias is a quantitative term describing the difference between the average of measurements made on the same object and its true value. The bias was calculated during the study. These parameters were estimated by analyzing the samples intended for Proficiency testing (Muva Kempten, Germany). The analysis was carried out fourteen times in two days.
Precision
The precision procedure and acceptance criteria were done according to Rivera and Rodríguez (12) . The precision was estimated by measuring the repeatability and the
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Repeatability is defined as the absolute difference between two independent single test results. It involves the determination using the same test method, on an identical material, in the same laboratory, by the same operator, using the same equipment within a short interval of time. For the determination of repeatability, 30 samples were analyzed in duplicate. The results were processed using Statistica data analysis software system, version 12 (StatSoft, Inc., 2013) by performing the F test.
Intra-laboratory reproducibility was performed with two analyzers, using the same method, on the identical test material in the same laboratory, during a longer period. For the determination of repeatability, 60 samples were analyzed in triplicate.
Carry-over
Carry-over is a measure of the extent of contamination of a sample caused by the previous sample. In terms of the method robustness, carry-over was tested on six series of representative samples, collected from commercial dairy farms in the region. One series consisted of two milk samples and two blank samples; six series were analyzed in sequence and the carry-over was calculated according to ISO standard (10). The carry-over factor is used automatically to compensate for carry-over from sample to sample during the analysis. That means how much sample volume is carried over from sample to sample, specified as a percentage.
RESULTS AND DISCUSSION
Linearity
Fat content in the externally obtained calibration sample set with 10 solutions, and the values of the slope, intercept and calibration ratio for fat are given in Table 1 . The linearity and the coefficient of regression between reference and measured values were calculated. The determined average milk fat values ranged from 2.12 to 5.27%. These values correspond to the reference values, which ranged from 2.10 to 5.26%. The calculated r ratio was 0.95, which meets the requirement of less than 2% (10) .
Accuracy
After the analysis of the reference samples (Muva, Germany), the average value and bias for all parameters were calculated according to Magnusson et al. (13) , and the results are presented in Table 2 . Table 2 . Bias values of the chemical parameters (fat, protein, lactose and dry matter) in milk (N=14)
As it is shown in Table 2 , the bias among average and reference values (-0.33 for fat, 0.31 for protein, -0.25 for lactose and 0.06 dry matter) can be considered as acceptable according to Little (14) .
Precision
After statistical analysis of the results for repeatability testing, the obtained F critical values were 1.469 for fat, 1.634 for protein, 1.192 for lactose and 0.528 for total solids (data not shown). The obtained data, 0.15, 0.09, 0.32 and 0.05 for fat, protein, lactose and total solids, respectively, show that the variances were not statically different (p < 0.05). Also, the correct F value (variance 1 and variance 2 ratio) was calculated (F = 0.579). The acceptance criterion, where the calculated F is smaller than the critical F, was met in all four tests.
Statistical analysis of the results for intra-laboratory reproducibility testing are shown in Table 3 . The HORRAT values are 0.5 for fat, 0.8 for protein, 0.7 for lactose, and 0.7 for dry matter. Since all values are between 0.5 and 2, the intra-laboratory reproducibility can be considered as acceptable (12 Regardless of the number of samples processed per time unit, a high inter-laboratory reproducibility observed in the analysis of routine samples.
Carry-over
As can be seen in Table 4 , the carry-over values for fat, protein, lactose and dry matter were 0.27%, 0.52%, 0.47% and 0.47%, respectively, and they are all considered acceptable, since they were within the criteria of less than ±1% (10). To confirm the applicability of FTIR spectroscopy method, raw milk samples from the three different farms were analyzed, and the results are shown in Table 5 . 
CONCLUSION
In approximately 10 seconds per sample, FTIR spectroscopy provides the ability to process up to 400 samples per hour. The achievement of the study is a reliable method for the quantification of fat, protein, lactose, and dry matter parameters in the routine milk analysis. This method, with appropriate and frequent calibration, offers highly specific, accurate, precise, and linear data across the analytical range. FTIR is a rapid and precise analytical technique, characterized by the reduced application of reagents and userfriendliness. The values obtained by this technique do not depend on the analyst, as with most methods; the technique also enables simultaneous analysis of multiple components in each sample. Finally, it should be noted that testing of samples by this method is very
